Introduction
Most of the chemical properties of molecular systems, including spectra, reactivities, and macroscopic properties, are ultimately explicable in terms of the distribution of electron density within the molecules. Consequently methods for describing molecular electron distribution are of considerable interest tO chemists. This interest is obvious from the many articles OD 
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this topic which have appeared in recent years.
For simple molecules, it is possible to calculate accurate electron densities by SCF-MO techniques and to display the data in the form of the now familiar electron density There is need for a simple method for calculating atomic charges which not only has theoretical justification but also can be related to an experimental measurement that depends fairly directly on atomic charges.
We believe that such a method is now possible in the form of the technique of electronegativity equalization calibrated with X-ray photoelectron spectroscopic core binding energies. - 
3-Electronegativity Equalization
The concept of atomic electronegativity equalization, introduced by 14 15 Sanderson and Iczkowski and Margrave, has been developed into the concept of the eq~ization of the electronegativities of bonding orbitals. 16 -24 Hinze, Whitehead and JaffS 17 define orbital electronegativity as a quantity
proportional to the derivative of the energy of an atom with respect to the charge in a particular atomic orbital. It is assumed that the orbital charge (i. ~ -kQ;+ v + R. (1) In this equation, EB is the binding energy ~ for a particular core level (relative to that of a reference compound), Qi is the charge of the ionizing atom, V is the coulomb potential energy of an electron at the hypothetical vacated site of the ionizing atom in the midst of the other charged atoms of the molecule, and k and R. are empirical constants, determined by least-squares fitting of the binding energy data for a given element to the calculated Qi and V values. The energy V is calculated from the relation V • E(Q/r), in which Q is the charge on an atom, r is its distance from the ionizing atom, and the sum is carried out over all the atoms except the ionizing atom. We believe that an electronegativity
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• • -5-equalization procedure which has been "calibrated" with experimental core electron binding energies will yield atomic charges having much more quantitative significance than those calculated by other methods.
We represent the electronegativity of the orbital of an atom, n, 
Here x(p) and x(s) correspond to the p and s orbital electronegativities, respectively, for atom n. In Table I In the case of multiple bonds (N > 1), we assume that the bond order in nm excess of unity is due to ~ bonding involving pure p atomic orbitals.
Although the corresponding average s character of the bonding orbitals is then S /N , we use the expression S /(N )a (where 0 <a < 1) as the nm nm nm nm -8-weighting factor for the s electronegativity. 30 The parameter a accounts for the facts that a bonds are stronger than n bonds and that they probably contribute more heavily to ~·
The last term of equation 2 is the change in the effective electronegativity due to charges which develop on atom n. An increase in positive charge causes an increase in electronegativity. We divide the charge on atom n into three parts: the charge caused by the polarization of the bond between atoms n and m, the charge caused by the polarization of all the other bonds to atom n, and the formal charge on atom n. Each of these charges is weighted differently, using the coefficients b, unity, and c, respectively. Although these weighting coefficients are independent of the identity of atom n (i.e., although we assume the effects of the three types of charge to be in the same proportion for all elements), the absolute effect of the charges on the electronegativity varies from element to element in proportion to the value of h for the atom. This use of the 31 factor h is justifiable because h is proportional to I -EA and hence it is proportional to the derivative of the electronegativity with respect to charge. From the quadratic relation between energy and charge, we write . was calculated using bond distance and bond angle data from the literature.
(In a few cases, it was necessary to estimate such data.) In Table II we have listed, for each core ionization, the calculated charge of the ionizing atom, the experimental and calculated binding energies, and the reference to the experimental value. In Figures 1, 2 The extensive data in Table II 
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-25- Table IV The Sum of the Deviations ~(calc) -EB(expt), in eV, . '
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...:29-the inductive transmission c~efficient for adjacent sp 3 carbon atoms is about 0.062; 52 The discrepancy between this value and the commonly quoted value of 0.33 is probably due to the fact that the latter value includes the "through space" field effect as well as the "through bond" inductive effect. 0, F and Cl, almost ·pure p.
(30) The formula given for the weighting factor for the s electronegativity is valid only for bond orders of one or greater. ·(All the bonds in the compounds used to "calibrate" the method qualify in this respect.)
To permit inclusion of bond orders less than one, N should be replaced by 1 + n, where n is then bond order.
(31) The term his (I-EA) times the factor 0.1 (empirically determined).
We could eliminate this factor by changing the charge weighting coefficients to O.lb, 0.1, and O.lc; however, we have not done this for the sake of simplicity. r 
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